The method of moments is applied to numerically compute the electrostatic capacitance of a parallel-plate rectangular capacitor of finite area. Each plate is discretized into 900 patches per unit area to ensure a high accuracy of computation. To further enhance computational results, the impedance matrix elements are additionally evaluated in the case that the observation patch is located above or below the source patch in the vertical direction. To examine the fringing effect at the edges of the capacitor, the normalized capacitances are computed as a function of separation distance. After these results have been verified by Palmer's formula, this method is extended to the computation of capacitances between two different size plates.
Introduction
The capacitance computation is an essential procedure in the design of conductor structures such as pulse forming lines [1] and long parallel transmission lines [2] . If the conductors are of an infinite extent such that symmetry conditions of the electric field exist, Gauss's law can be employed to find a uniform electric field between the conductors. Integrating the electric field makes it possible to obtain the electric potential difference. Under these assumptions, the capacitance of a parallel-plate capacitor C0 can be expressed in the following analytic form [3] . (1) where e is the permittivity of the medium, S is the plate area, and D is the separation distance between the two plates. Eq. (1) is valid as long as the separation distance is sufficiently smaller than the plate dimension. However, Eq. (1) does not provide an accurate value for the capacitance when the separation distance is large compared to the plate width or length. In the case of a parallel-plate capacitor of finite area, for example, an analytic solution for the electric potential difference cannot be obtained using Gauss's law because the electric field lines are not uniform at the edges of the plates due to the fringing effect. Hence, it is necessary to numerically solve the electric potential.
Many numerical methods can be used to find the electric potential. These include the finite element method (FEM), finite difference method (FDM), boundary element method (BEM) and the method of moments (MoM). Like BEM, MoM solves the integral equation, while FEM and FDM solve the differential equation. Since MoM requires only the discretization of unknown functions, it does not suffer from numerical dispersion and the matrix size is smaller. Due to such conceptual and computational simplicity, MoM is suitable for the capacitance computation of a wire or plate structure [4] [5] [6] . For these reasons, MoM is used in this paper to compute the capacitances of parallel-plate rectangular capacitors.
The definition of the capacitance requires the net charge of the two plates to be zero. In MoM, this condition is satisfied if the dimensions of the two plates are equal. Therefore, there is no theoretical difficulty computing the capacitance. However, this condition is not satisfied if the dimensions are different. In the case of two cylindrical conductors of finite length, for instance, the total charges on the inner conductor are different from those on the outer conductor because the surface areas of the conductors are unequal [7] . In fact, this runs counter to the charge conservation law. Hence, it is difficult to compute capacitances between two different size plates using MoM. In this paper, this problem is solved by imposing the condition of zero total charge on the impedance matrix.
This paper is organized as follows. In Section 2, the basic theory of MoM is explained. In Section 3, the results of computations are discussed. To examine the fringing field effect, the surface charge distribution and the capacitances of the capacitor of the same plates are computed as the separation distance is changed. After these results are verified by Palmer's formula, a program developed based on MoM is applied to the computation of capacitances between two different size plates. Finally, the conclusion of the paper is presented.
Basic Theory
In a simple homogeneous medium, the electric potential is governed by Poisson's equation. An integral solution to Poisson's equation at an observation pointr , due to the charge density at a source point r' is given by [3] where, s r is the surface charge density. If the electric potential is known, Eq. (3) is the integral equation for the unknown surface charge density. Namely, Eq. (3) makes it possible to find the surface charge distribution for a predefined electric potential difference between the two plates.
The potential on each plate is determined by 
In the Cartesian coordinate, 
Discretization of the integral equations
To apply MoM to equations (5-8), the entire surfaces of the two plates are discretized into small rectangular patches [4] . The upper plate is equally divided into M segments along the x-direction, which are further divided into N segments along the y-direction. As a result, the upper plate is divided into MN rectangular patches of equal area. The lower plate is also divided into MN rectangular patches in the same way. The unknown surface charge densities are expressed in terms of MN basis functions with unknown coefficients n a as [5] ( ) 
Evaluation of the impedance matrix elements
The impedance matrix elements are evaluated in the following three cases: (1) observation and source patches are different, (2) observation and source patches are identical, and (3) the observation patch is located above or below the source patch in the vertical direction.
In the first case, ( ) n m z mn ¹ denotes the non-diagonal element of the impedance matrix, which is related to the electric potential at the center of observation patch m due to charges on the surface of source patch n. Note that observation and source patches can be on the same plate or different plates. If the two patches are on the same plate, the matrix element is expressed as follows. 
Results of Numerical Computation
A MATLAB program was developed based on equations (17), (18), (21), and (23). Before computing the capacitance, it is important to decide the number of patches to ensure a high computational accuracy. Fig. 1 depicts how the normalized capacitance (C/C 0 ) changes as the number of patches increases. These results can be obtained using the capacitor of W=1m, L=1m and 0 e e = under the assumption that potentials on upper and lower plates are 1V and -1V, respectively. The capacitance increases abruptly as the number of patches increases up to 100 regardless of the separation distance. After 100 patches, it increases gradually and converges to a constant value. Hence, the number of patches per unit area is chosen to be 900(M=N=30). Fig. 2 illustrates the surface charge distributions obtained with the capacitor of W=1m, L=0.5m, D=0.5m and 0 e e = . The charge accumulates near the corners and the edges of the plates due to the fringing effect. It can be observed that C is always larger than C0. This is To quantitatively analyze the fringing effect, the normalized capacitance is plotted as a function of separation distance as shown in Fig. 4 . As can be seen, the normalized capacitance is directly proportional to the separation distance when 1 . 0 > D m. Note that a bigger value of the normalized capacitance indicates a greater effect of the fringing field. The fringing effect increases linearly as the separation distance increases. However, it is negligible as the separation distance approaches zero. This scheme is applied to compute capacitances between two different size plates. An example is shown in Fig. 6 . Here, the length and the width of 조명․전기설비학회논문지 제28권 제11호, 2014년 11월 the upper plate are fixed at a value of 1m. The length of the lower plate is also 1m, while the width of the lower plate is chosen to be a variable. As can be seen, the capacitance converges after the width of the lower plate approaches 4m. 
Conclusion
MoM was applied to find the surface charge density distribution and the capacitance of a parallel-plate rectangular capacitor of finite area. It was found that the fringing effect becomes stronger as the separation distance increases. It was verified by the excellent agreement between MoM and the Palmer's formula that MoM is capable of solving the integral equation for the charge density. It was also proved by the computation results of the capacitance between two different size plates that the charge conservation law is successfully imposed on the MoM matrix equation.
